The present work was aimed at enhancing the production of BLIS produced by 36
Running title: BLIS Production by Pediococcus acidilactici kp10 34
Introduction 57
Current consumer demands for commercial natural preservative processed foods has 58 created considerable interest in the search for safe and food-grade preservatives of 59 biological origin. Antibacterial peptides or bacteriocins produced by many strains of 60 lactic acid bacteria (LAB) have been used as food preservatives for many years 61 without any known adverse effects. Bacteriocins, especially those with broad 62 antibacterial spectrum are bactericidal against food spoilage and many pathogenic 63
bacteria. 64 65
Specific requirements with reference to the production of bacteriocins have 66 been reported [1] [2] [3] . Bacteriocin titres can be modified by altering the cultivation 67 conditions of the producing bacterium and certain combinations of influencing factors 68 need to be optimized to enhance bacteriocin production , which could also be used to 82 investigate the interacting factors 7, 8 . 83
84
Artificial neural network (ANN) has recently emerged as one of the most 85 efficient methods for empirical modelling and prediction in solving complex systems 86 such as bacteriocin production 7, 9 . Several studies have demonstrated that the 87 accuracy of prediction of ANN models were far more superior compared to RSM 88 using the same experimental design 10, 11 . ANN does not require prior specification of 89 suitable fitting function. ANN has universal approximation capability which means it 90 can approximate almost all kinds of non-linear functions including quadratic 91 . Thus the objective of this study was to optimize the fermentation 101 parameters for enhancement of production of BLIS by P. acidilactici Kp10. This 102 strain has demonstrated a high antimicrobial activity against Listeria monocytogenes, 103 a virulent food-borne pathogen 16 . The effects of fermentation parameters such as 104 temperature, inoculum size, buffer strength, tween 80 concentration and agitation 105 speed on BLIS production were evaluated using the half factorial design. The most 106 significant factors were then optimized using the ANN to predict the enhanced 107 bacteriocin production by P. acidilactici Kp10. 108
109

Materials and methods 110
Bacterial strain, medium selection and inoculum preparation 111 P. acidilactici Kp10, isolated from dried curd was used in this study 16 . Two types of 112 medium, MRS and M17 were initially tested in this study. MRS broth (Merck, 113 
Determination of antimicrobial spectrum 129
Antimicrobial activity of the isolates was determined by the agar well diffusion 130 method 17 using cell-free culture supernatants (CFCS). The isolates were grown in 131 M17 broth at 30 °C for 24 h and the cultures were centrifuged at 12,000 ×g for 20 132 min at 4°C (rotor model 1189, Universal 22R centrifuge, Hettich AG, Switzerland). 133
Aliquots of supernatant in two-fold dilution (100 µL) were placed in wells (6 mm 134 diameter) of cooled soft agar plates (25 mL) previously seeded (1% v/v) with the 135 actively growing test strain (Listeria monocytogenes ATCC 15313). The plates were 136 incubated at 37 °C for 24 h for the growth of L. monocytogenes as the target 137 microorganism. After 24 h, the growth inhibition zones were measured, and 138 antimicrobial activity (AU/mL) was determined as described by Parente, Brienza, 139 
(1) 147
148
The critical dose (CD) is defined as the amount of BLIS solution (in mL) 149 corresponding to a null inhibition zone and calculated by extrapolating the 150 dose/response curve. The titer, in AU/mL, is calculated as the reciprocal of the CD. 151
The standard curve, relating dose in AU to R, had a 0 intercept and the same slope of 152 were run in duplicates (Table 1) . 166
167
For further optimization of the culture conditions, a total of 34 experimental 168 runs were designed according to Box-Wilson (BW) 2 3 full factorial central composite 169 design (CCD) with three most significant factors (temperature, inoculum size and 170 agitation speed) selected from the initial screening results (Table 2 ). In the application 171 of ANN, the experimental data obtained from the two-level half factorial design were 172 analyzed using Intelligent Problem Solver (STATISTICA software version 7) to 173 construct the regression based networks from the data. A total of 175 different trained 174 networks were observed for selection on the basis of the highest coefficient of 175 correlation determination (R 2 ) and the lowest selection error. A Multilayer Perceptron 176
Network (MPN) was selected from the above. Back Propagation (BP) and Conjugate 177
Gradient Descent (CGD) logarithms were used in the training of neural network on 178 the basis of varying input/output pair data sets. The eight experiments were carried 179 out for the selection group, 18 for the training group and 8 for the testing group 180 (Table 3 ). The network developed in this study comprised of three layers -an input 181 layer with three neurons, one hidden layer with nine neurons and an output layer with 182 one neuron. Determination of the optimum topology was based on minimum error of 183 testing. The ideal network was used for the prediction and optimization of BLIS 184
production. 185 186
Optimization capability of ANN 187
The analysis of variance (ANOVA) was expressed in Activity Units (AU) per mL (AU/ mL). Cell growth was measured 233 by optical density of the culture at 650 nm using UV/VIS spectrophotometer (Perkin 234
Elmer, Lambda 25, USA). 235
236
Result and discussion 237 LAB are fastidious microorganisms with respect to their nutrient requirement which 238 require a rich medium containing yeast extract and protein hydrolysates for good 239 growth and bacteriocin production 16, 20 . Therefore, a suitable medium is essentially 240 for a good growth and bacteriocin production. For all temperatures tested, BLIS 241 production by P. acidilactici Kp10 in M17 medium was substantially higher 242 compared to that produced in MRS medium (Table 4) . For both media, the highest 243 BLIS production was obtained at 30 o C and a drastic reduction of BLIS production 244 was observed at 37 o C. BLIS production using M17 medium was nine times higher 245
(1,427.7 AU/mL) than that obtained using MRS medium (160 AU/mL). Hence, M17 246 medium was selected as a basal medium for the subsequent experiments. 247
248
Results from the screening of culture conditions using two-level half factorial 249 design showed that the highest BLIS production (run 9) was at 20 (Table 1) . Other parameters -inoculum size (10%) buffer strength (60 µM) 252 and agitation speed (200 rpm) remained the same for the highest and the lowest 253 production of BLIS. The culture pH which ranged between 6 (experimental run 6) and 254 7.01 (experimental run 11) was well correlated with respect to the buffer strength. 255
Analysis of variance (ANOVA) showed that temperature, agitation speed and 256 inoculum size were the most significant factors influencing BLIS production by P. 257 acidilactici Kp10 (Table 5 ). On the other hand, buffer strength and tween 80 showed 258 no significant effects on BLIS production. 259
260
The presence of Tween 80 (polyoxyethylene sorbitan mono-oleate) enhanced 261 the production of some bacteriocins by preventing aggregation of bacteriocins 262 molecules (Nissen-Meyer et al., 1992; Parente and Hill, 1992; Moretro et al., 2000) . 
294
Multilayer perceptron networks (MPN) with back-propagation and conjugate 295 gradient descent (CGD) logarithms were used in the training of neural network on the 296 basis of varying input/output pair data sets. The topology of the network consisted of 297 three layers (3:9:1)-an input layer consisting of three variables, middle hidden layer 298 of 9 neurons and one output layer was used for the prediction and optimization of 299 BLIS production. The neurons activation for ANN processing is represented by 300 different colors (Figure 1 ). The optimum levels predicted from response graphs, made 301 by ANN for temperature, agitation and inoculum size were 28.5 o C, 120 rpm and 3% 302 respectively. The highest effect was from the temperature, followed by agitation as 303 calculated by the sensitivity analysis (Table 6) . From the sensitivity analysis 304 conducted in this study, temperature (ratio = 136.8833) gave the highest effect on 305 BLIS production by P. acidilactici Kp10. The ratio parameter described the behavior 306 of the neural network when a variable was removed from the input data. The 307 interaction effects were represented by surface plots (Figure 2) . The surface plot 308 between temperature and inoculum size obtained from ANN is as shown in Figure 2a . The response surface curves were plotted to understand the interaction of the 317 variables and to determine the optimum level of each variable for maximum response 318
32
. The response surface and contours of ANN models for BLIS production are shown 319 in Figure 2 (a, b, c) . From the data obtained, it was observed that the lower and higher 320 levels of all variables did not result in higher BLIS production. The shape of the 321 response surface curves showed a moderate interaction between the variables. 322
Comparison of BLIS production by P. acidilactici Kp10 before and after optimization 323 and the verification experiments including ANN-predicted optimum levels for the 324 tested variables are presented in Table 7 . ANN predicted activity of 5,262.64 AU/mL 325 was obtained at 120 rpm, 3% and 28.5 °C. Experiments in triplicate were conducted 326 on these optimum levels to calculate the observed response. The observed BLIS 327 activity at the predicted optimum levels of the tested variables at ANN predicted 328 levels was 5,118.5. The BLIS activity predicted by ANN was close to the observed 329 As observed from the present study, BLIS production by P. acidilactici Kp10 in 354 optimized fermentation (5,118.49 AU/mL) was about 6 times higher than that 355 obtained in non-optimized fermentation (888.56 AU/mL). 356
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